extra-articular metacarpal fractures have been published, no consensus for treatment has been established. However, for the most common neck fracture of the 5th metacarpal (Gudmundsen and Borgen, 2009; Hove, 1993; Hunter and Cowen, 1970; Roberts, 1938) , cadaver studies have indicated that a malunion with a volar angulation of more than 30 degrees of the distal fragment results in decreased grip strength and a reduced range of motion (ROM) (Ali et al., 1999; Birndorf et al., 1997) . Partly based on these findings, practice has changed towards operative treatment. Several studies report minor complications from surgical intervention (Foucher, 1995; Gonzalez et al., 1995; Orbay and Touhami, 2006; Schadel-Hopfner et al., 2007; Winter et al., 2007; Wong et al., 2006) , others report 20-31% complications (Manueddu and Della Santa, 1996; Trevisan et al., 2004; Westbrook et al., 2008) . These findings may imply the need for a stricter policy for indications for surgery.
The objective of this study was to evaluate and compare the long-term results of bouquet and transverse pinning of isolated, extra-articular neck and shaft fractures of the ulnar two metacarpals. We hypothesised that the patients regain good hand function 1 year post-operatively, with only minor surgical complications, and that the differences between the two methods are insignificant.
Methods
In 2007 and 2008, a search of the electronic journal based on the NOMESCO codes NDJ02-NDJ92 in our department extracted retrospectively 325 patients that were operated upon for metacarpal fractures. In order to study a homogeneous group of patients, we chose to study only the patients with single, extraarticular neck and shaft fractures of the mobile and functionally similar rays of the 4th and 5th metacarpals treated with bouquet or transverse pinning. Very few patients had been treated with open reduction and internal fixation. The patients operated upon were surgeon selected, and the rationale for operative treatment was not always clearly stated in the patient record. However, during this time interval, the policy at our department was to operate on all neck fractures in the ulnar two metacarpals with a volar angulation exceeding 30 degrees. Shaft fractures were primarily treated with closed reduction and a plaster, and surgery was indicated if the fracture re-dislocated to more than 20 degrees in the plaster in the 4th metacarpal and 25-30 degrees in the 5th metacarpal. Patients who presented with a rotational deformity of the corresponding finger were treated operatively.
We excluded patients younger than 18 years, due to different remodelling capacity and fracture patterns. Patients older than 50 years were excluded due to possible changes in functional demands of the hand and in order to avoid bias regarding age-related arthritis and osteoporosis. Patients with fractures older than 10 days at time of surgery, patients with concomitant injuries in the ipsilateral upper limb, or previous fractures of the actual hand or wrist were excluded to avoid bias when evaluating hand function. Patients who had a history of a previous fracture of the corresponding metacarpal in the contralateral hand were excluded in order to perform a valid radiological measurement of metacarpal shortening. From the total patient population of 325, 67 patients satisfied both the inclusion and exclusion criteria ( Figure  1 ). All patients had been treated with closed reduction of the fracture, followed by antegrade intramedullary bouquet pinning (Foucher, 1995) with pins cut below skin level in 22 patients, or transverse pinning to the neighbouring metacarpal (Bosworth, 2006; Lamb et al., 1973) with pins left exposed above skin level in 45 patients ( Figure 2 ). Residents performed all the procedures, but the consultants determined the indication for surgery.
All 67 patients were invited both by mail and telephone to come for a follow-up visit in our outpatient clinic. Thirty-six patients (54%) met for a consultation, which included an interview with an orthopaedic surgeon, clinical examination by a hand therapist, and radiological examination. Twenty patients (30%) declined a consultation, but agreed to be interviewed by telephone. The remaining 11 patients (16%) were lost to follow-up; information about them was extracted from the patient records and included in the study (demographics, fracture type, treatment, early complications and primary X-rays). The primary endpoint in the study was Quick DASH (Beaton et al., 2005; Finsen, 2008) . The patients who met for the follow-up visit filled in the form by hand, whereas the remaining patients had the options read by phone and the answers written down by the interviewer. Mechanism of injury including possible influence of alcohol at the time of injury, occupation, smoking, hand dominance, and sustaining new injuries in their upper limbs after treatment of the metacarpal fracture was recorded, as well as information about fracture site, fracture type, operative method, pre-operative rotational deformity, time from injury to operation, casting period, time for pin removal and complications to treatment. The patients reported pain on a visual analogue scale (VAS) both at rest and in activity. In addition to a similar VAS measuring satisfaction, patients were asked to categorise themselves in one of four groups according to their overall satisfaction. In total, 56 patients (84%) were interviewed by one of three orthopaedic surgeons.
Grip strength was measured by the use of a Jamar™ dynamometer. ROM of the corresponding finger of the fractured metacarpal was measured with a goniometer and is given in degrees as total active motion (TAM) and total passive motion (TPM). Both hands were measured for comparison. One hand therapist performed all functional hand assessments, including examination for extensor lag in the finger and change in sensation.
X-rays at follow-up were performed as anteriorposterior (AP), straight lateral and oblique, and included the corresponding metacarpal in the contralateral hand for correct estimation of metacarpal shortening. One radiologist analysed the pre-operative and post-operative X-rays for all 67 patients, as well as for 36 patients at follow-up.
The regional ethical committee approved the research protocol, and all 36 patients at follow-up signed a written consent for participation.
Statistics
The primary endpoint QuickDASH was not normally distributed; hence non-parametric statistical tests were used, and data is given as median and range. When comparisons between groups were made, statistical analyses were performed using the chi-square test and Fischer's exact test for categorical outcome, and the Mann-Whitney test for continuous outcome. Statistical significance was set at α ≤ 0.05.
Results

Demographics
The patients were on average 30 years old (range 19-50) at follow-up. Fifty-nine patients (88%) were men; 71% had injured their dominant hand; 30% were smokers. Fifty-two per cent did office work, 32% manual work, while 9% were students. Ninety per cent of the fractures were leisure time injuries. In 23%, the fracture occurred when fighting, and 33% had been hitting a hard object with a clenched fist. Twenty-three per cent had fallen on their hand, and 21% reported other mechanisms of injury. In contrast to 63% of the men, none of the women had been fighting or hitting a hard object (p < 0.01). None of the women reported to have been under the influence of alcohol when injured, compared to 40% of the men (p = 0.05). Sixty-one per cent of the patients who had been fighting or hitting a hard object admitted to having been under the influence of alcohol, compared to only 3% of the patients who had fallen on their hand or had other mechanism for injury (p < 0.01). Twentyone patients (31%) presented with a rotational deformity, 22 (33%) had no rotational deformity, and for 24 (36%) this information was not recorded in the journal. There were no open fractures. No differences between the bouquet pinning group and the transverse pinning group were found regarding demographics, mechanism of injury or pre-operative rotational deformities.
Time from injury to operation was 8 (2-10) days in the bouquet pinning group, and 4 (1-10) days in the transverse pinning group (p < 0.01). Time in plaster was 3 (2-6) weeks in the bouquet pinning group, and 5 (0-6) in the transverse pinning group (p < 0.01). Time for pin removal was 6 (5-8) in the bouquet pinning group, and 5 (4-7) in the transverse pinning group (p < 0.01). 
Clinical outcome
Follow-up time (Table 1) was 28 (13-39) months for all patients, and significantly longer in the transverse pinning group than in the bouquet pinning group (p < 0.01).
The outcome was very good in both pinning groups at follow-up, evaluated by QuickDASH, VAS pain and VAS satisfaction, and no differences in clinical outcome could be found (Table 1) . The four-category, self-reported satisfaction demonstrated 55% excellent results, 43% good results, 0% satisfactory results and 2% poor results.
ROM and grip strength equalled that of the contralateral uninjured hand for both groups (Table 1) . Only one of 36 examined patients had an extensor lag in the metacarpophalangeal (MCP) joint. There were no rotational deformities of the corresponding fingers.
Sick leave was 1 (0-9) week with no difference between the two groups, and only one patient needed work adjustment after the injury (this patient was a circus artist with extremely high demands). Nineteen patients (34%) suffered other injuries in their upper limbs during the follow-up period. These patients had a trend towards worse hand function, with 5 (0-25) on Quick DASH compared to 0 (0-39) for the rest of the patients (p = 0.08).
Complications
None of the patients suffered a deep infection, but eight patients (12%) required an oral antibiotic for 1 week due to a superficial infection (Table 2) . These patients had all been treated with transverse pinning, constituting 18% of the transverse pinning group (p = 0.05). There were no pin migrations or pin bendings, and no complex regional pain syndromes (CRPS) occurred.
Of the 56 interviewed patients, nine (16%) reported impaired sensation in the scar area for pin entrance, or of the corresponding finger, not always related to the dermatome of the digital nerves. However, among patients who came for clinical examination this finding was discovered in 14 out of 36 (39%). Of the 16 patients out of 56 who reported cold intolerance (29%), only one classified it as a major complaint.
Seven patients (10%) had other complications. Two patients treated with bouquet pinning had posttraumatic re-fracture of the same metacarpal less than 8 weeks after pin removal. Three patients treated with transverse pinning of shaft fractures of the 4th metacarpal had, due to trauma, a fracture of the 5th metacarpal, all in the area of the transverse pinholes. One patient had a tendon problem ('clicking') after transverse pin removal, and in one patient, the buried bouquet pins created a painful wound over the base of the metacarpal.
Beside infection rate, there were no significant differences in the complication rates between the two pinning groups.
Radiological outcome
Sixty-five patients (97%) had X-rays performed in the outpatient clinic 4 or 6 weeks post-operatively, and all these fractures were defined as healed. All the fractures at follow-up were healed (n = 36). One patient had minor osteoarthritis in the MCP joint, and two patients had minor osteoarthritis in the carpometacarpal (CMC) joint at follow-up, but this did not influence their clinical outcomes. Fourteen of the patients were treated operatively even though the volar angulation pre-operatively was less than the department's indication for surgery (Table 3 ). For 10 of the patients this was explained by the presence of a pre-operative rotational deformity. The remaining were two shaft fractures in the 4th metacarpal and two neck fractures in the 5th metacarpal, all considered primarily unstable and unfit for conservative treatment due to the fracture configuration.
All neck fractures and all but one shaft fracture united in a volar angulation of less than 30 degrees (Table 3) . Correlation analysis between final volar angulation and functional outcome was therefore not relevant to perform.
When comparing volar angulation and shortening between the two pinning groups overall, no differences were found, even though the pre-operative volar angulation was greater in the bouquet pinning group (Table 3) . However, when these variables were compared for neck and shaft fractures separately, there was a trend (p = 0.09) towards less post-operative volar angulation of the distal fragment for neck fractures treated with bouquet pinning [12 (2-26) degrees] compared to neck fractures treated with transverse pinning [18 (10-28) degrees]. At follow-up, volar angulation for neck fractures was 12 (2-24) degrees in the bouquet pinning group versus 19 (13-26) degrees in the transverse pinning group (p = 0.05). For shaft fractures, volar angulation was 16 (10-25) degrees in the bouquet group at follow-up, compared to 10 (2-19) degrees in the transverse group at followup (p = 0.02).
Patients lost to follow-up
One female and 10 men (16%) were lost to follow-up; seven had moved abroad and four were impossible to locate. Patients lost to follow-up were 26 (22-36) years of age compared to 31 (19-50) years of age in the two groups that either had clinical examination or phone interview (p = 0.03). No other significant differences were found regarding demographics, type or localisation of the fractures, treatment options or early complications.
Twenty-nine out of 59 men (49%) met for a followup visit, while 20 (34%) agreed to be interviewed on the phone but not to meet at the outpatient clinic. All seven female patients that we were able to localize met for a follow-up visit, making the sex distribution significantly different in the two interviewed groups (p = 0.04). There were no significant differences in the clinical outcome (QuickDASH, VAS pain, VAS satisfaction) between these two groups, but the follow-up time was longer in the phone interview group (p = 0.03). Forty-two per cent of the patients who met for clinical examination and X-rays had fighting or hitting hard objects as mechanism of injury, while this rate was 75% for the group of patients who were interviewed on the phone (p = 0.03).
Discussion
Our study shows that patients operated for isolated, closed, extra-articular neck or shaft fractures in the 4th and 5th metacarpals treated with transverse or bouquet pinning have good hand function 28 months Further subdivision of patients to four or more groups with respect to operative procedure and localisation of the fracture was not performed for clinical outcome data, due to the risk of type II error if the patient groups had become too small to detect possible existing differences. Detecting significant differences of clinical importance between two relative similar treatment modalities necessitates a very large patient material, or the difference has to be marked. The risk of type II error is also present when dividing the material into the existing two groups.
The demonstrated differences in time from injury to operation, time in plaster and time for pin removal between the two pinning groups has most likely not influenced the clinical results, as well as the difference in follow-up time because all patients were evaluated at least 1 year after the operation. The difference in follow-up time between the two groups was due to a change in treatment policy at our department in 2006, favouring bouquet pinning over transverse pinning.
The higher infection rate in the transverse pinning group can be explained by the fact that unlike the patients in the bouquet pinning group, all the patients had their pins exposed, and therefore were more prone to infection. All the patients in the transverse pinning group were seen 1 week post-operatively for a routine change of plaster and pin cleaning, while the patients in the bouquet pinning group kept their plaster for 3 weeks before it was removed in the outpatient clinic. The risk of superficial infection is well known when pins are exposed, and many hand surgeons therefore bury the pins below skin level routinely when treating hand fractures.
Of the other complications, the most interesting finding in our study is the fracture of the 5th metacarpal after pin removal in three of the 11 patients treated with transverse pinning of the shaft of the 4th metacarpal. In these three patients, it was obvious that the pinholes had created weaknesses in the neighbouring metacarpal, and the risk of a new fracture after subsequent trauma seems to have been increased. This complication did not occur when bouquet pinning was performed.
The differences in the volar angulations of the distal fragment post-operatively and at follow-up are too small to be of clinical interest, and the outcome was in all groups close to the anatomical volar angulation of 15 degrees (Abdon et al., 1984) .
Regarding functional outcome, our results are comparable to other studies on operative treatment of extra-articular metacarpal fractures. Of the three previously published clinical studies comparing different pinning methods for neck fractures of the 5th metacarpal (Schadel-Hopfner et al., 2007; Winter et al., 2007; Wong et al., 2006) , one of these was a prospective randomized controlled trial (Winter et al., 2007) . This study demonstrated that 18 patients operated with antegrade bouquet pinning had a significantly better TAM of the 5th finger and a better ROM in the 5th MCP joint than 18 patients treated with transverse pinning at final follow-up after 3 months. The differences were only 18 and 12 degrees, respectively, and no attempt was made to assess whether this difference was permanent, or if it had clinical functional implications. Wong and co-workers followed prospectively, but non-randomised, 29 patients treated with transverse pinning and 30 patients treated with intramedullary pinning. No significant differences in pain, TAM or grip strength between the two groups were demonstrated at 6 weeks, 3 months or 12 months post-operatively. In a retrospective material, Schädel-Hopfner and co-workers demonstrated a significant better outcome 18 months postoperatively after antegrade intramedullary pinning (15 patients) compared to retrograde crossed pinning (15 patients), for both ROM in the MCP joint, pain and Steel score. No significant differences in DASH score or grip strength could be demonstrated.
There is no consensus in the literature on when extra-articular fractures in the 4th or 5th metacarpals should be treated conservatively or operatively. In a Cochrane meta-analysis of randomised controlled trials on conservative treatment of fractures in the neck of the 5th metacarpal (Poolman et al., 2005) , it was stated that no guidelines can be given due to poor quality of the studies included in the analysis. Nevertheless, good clinical results after conservative treatment were reported in the studies included in the review (Braakman et al., 1998; Harding et al., 2001; Kuokkanen et al., 1999; Statius Muller et al., 2003) , as well as in a number of other clinical studies on conservative treatment (Abdon et al., 1984; Bansal and Craigen, 2007; Debnath et al., 2004; Ford et al., 1989; Hansen and Hansen, 1998; Hofmeister et al., 2008; Hunter and Cowen, 1970; McMahon et al., 1994; Sorensen et al., 1993; van Aaken et al., 2007) .
Indication for surgery depends not only on the potential for improved hand function; one has also to bear in mind potential complications of the treatment.
In our study, we demonstrated a high rate of locally impaired skin sensation (39%) as well as cold intolerance (29%), and a high rate of infection in the patients treated with transverse pinning (18%), even though these were superficial infections. Ten per cent experienced other complications, including tendon problems, pin-created wounds, and fractures of the neighbouring metacarpal after transverse pinning. These are avoided when conservative treatment is chosen. Our complication rate is high when compared with other studies, and may be due to intra-operative conditions, a comparatively high rate of follow-up, and better detection of the complications.
Comparison of the clinical outcome in our operated patients with the outcome of patients treated conservatively would have been of great interest. However, during this particular period of time only fractures with a lesser degree of volar angulation were selected for conservative treatment in our institution. Selection bias would hence yield a comparison of little value.
The goal for future research on these fractures must be to define when operative treatment is favourable to conservative treatment. In vitro studies (Ali et al., 1999; Birndorf et al., 1997) have claimed that more than 30 degrees of volar angulation in neck fractures of the 5th metacarpal will impair hand function. In our study, only one fracture united in a volar angulation of more than 30 degrees, so no correlation analysis of angulation versus functional outcome was made. However, other authors have reported no correlation between residual volar angulation of the fracture and hand function (Braakman et al., 1998; Ford et al., 1989; Porter et al., 1988; Statius Muller et al., 2003; Theeuwen et al., 1991; Westbrook et al., 2008) . One retrospective study (McKerrell et al., 1987) demonstrated that patients treated conservatively returned earlier to work than patients treated operatively, and van Aaken et al. (2007) calculated that conservative treatment was four times less expensive than operative treatment according to the Swiss tax point system.
Despite the fact that these fractures have been debated for at least seven decades (Bosworth, 2006) , only one prospective study comparing operative versus conservative treatment (Strub et al., 2010) has been published so far. The authors were not able to demonstrate any significant differences in hand function between patients treated either with a brace or with closed reduction and bouquet pinning. This finding is supported by the results of two retrospective trials on conservative versus operative treatment (McKerrell et al., 1987; Westbrook et al., 2008) . The study of Strub and co-workers included only 40 patients and was not a true randomised study. The primary endpoint, which was the basis for the power analysis, was not a validated hand function score, but ROM in the MCP joint. Large, multicentre, prospective trials of patients with extra-articular metacarpal fractures where patients are randomized to conservative or operative treatment are therefore still recommended.
One of the challenges when performing studies on metacarpal fractures is the poor compliance of the patients (Westbrook et al., 2008) . They are often young men (Frazier et al., 1978; Greer and Williams, 1999) who have suffered the injury when fighting or hitting hard objects with clenched fists under the influence of alcohol. One study (Gudmundsen and Borgen, 2009 ) demonstrated that 48% of the fractures of the 5th metacarpal were related to aggression, while another study demonstrated that 61% of patients with a fracture of the neck of the 5th metacarpal had punched an object or another person (Greer and Williams, 1999) . Of the male patients in our study, 63% admitted to have been fighting or hitting a hard object, and 40% admitted to having been under the influence of alcohol. This is also reflected in the finding that 71% of all patients had injured their dominant hand. Thirty-four per cent of all the patients had sustained new injuries in their upper extremities during the follow-up period, which can be an expression for this patient group being at risk for recurrent injury, also demonstrated in a previous study (Greer and Williams, 1999) . The rate of smokers and the occupations of patients did not reflect other variations than in the general society.
We managed to achieve a follow-up rate of 84% on our primary endpoint QuickDASH, but only 54% on clinical examination for grip strength and ROM, as well as final radiological results. The patients interviewed by phone were all men, with a higher rate of aggression-related mechanism of injury. Female patients were more easily recruited to the follow-up study. The difference in follow-up time between the clinical examination group and the phone interview group can be explained by the fact that when the injury was more recent, patients tended to be more interested in clinical follow-up. The patients who were lost to follow-up were 4.5 years younger than the rest of the patients, which may reflect the general difficulties in performing clinical studies on young adults.
The weaknesses of our study are the relatively low number of patients, and the retrospective design. The strengths of our study are the low rate of patients lost to follow-up (16%), and the relatively homogeneous patient material (two similar metacarpals, only neck and shaft fractures, two widely used and similar operative techniques).
In conclusion, patients treated with transverse or bouquet pinning for isolated, extra-articular fractures of the neck and shaft of the 4th and 5th metacarpal regain good hand function, but are at risk of surgeryrelated complications. Due to the risk of fracture of the neighbouring metacarpal after transverse pinning, we conclude that bouquet pinning is superior, and this has hence become the standard procedure for extra-articular neck and shaft metacarpal fractures at our department. Furthermore, we recommend burying pins under the skin surface to minimize the risk of post-operative infection. Randomised controlled trials comparing operative and conservative treatment are recommended to find the best treatment for the majority of patients, but the task is challenging due to the nature of this patient group.
